Objectives The use of intrathecal fluorescein (ITF) has become an increasingly adopted practice for the identification of cerebrospinal fluid (CSF) leaks during endoscopic skull base surgery for pituitary adenomas. Administration through lumbar puncture can result in postoperative positional headaches, increasing morbidity, cost, and length of stay. We sought to identify the incidence of and variables associated with postoperative headaches to determine if there was a subgroup of patients in whom this procedure should be avoided. Methods We conducted a retrospective single-institution review of 148 patients who underwent endoscopic resection with ITF for pituitary adenoma between December 2003 and February 2016. We excluded patients who had lumbar drains and with intraoperative CSF leak, as these patients may have other headache etiologies. Patient demographics, comorbidities, tumor features, surgical approach, surgical closure, and histology were recorded. Primary outcomes included the presence of postoperative and positional headaches. Results We identified 62 patients with postoperative headaches (41.9%) and 10 with positional headaches (6.8%), of whom 6 underwent blood patch with complete resolution. Following univariate analysis, there was a significant positive association with prolactin-secreting tumors (p ¼ 0.008). There was a negative association with a history of hypertension (p ¼ 0.0001) and age (p ¼ 0.01). Following multivariate modeling, the significance for hypertension (p ¼ 0.01) was preserved. Conclusions Positional headaches in patients who receive ITF are uncommon and should not limit its use in the preparations for endoscopic resection of pituitary adenomas. Avoiding ITF in younger patients without hypertension with prolactinomas might decrease the risk of post-ITF positional headaches.
Introduction
Intraoperative detection of cerebrospinal fluid (CSF) leaks is critical in preventing postoperative CSF leaks following endoscopic skull base surgery.
1,2 An important intraoperative diagnostic tool is intrathecal fluorescein (ITF). [2] [3] [4] [5] [6] Our group recently assessed the utility of ITF in a cohort of 419 patients and found it to be highly sensitive (92.9%) and specific (100%) for the detection of intraoperative CSF leaks.
7
While the utility of ITF appears promising, development of postoperative headache after performing preoperative lumbar puncture (LP) is a potentially unfavorable outcome. Post-LP headache is defined as a positional headache arising within 7 days of the procedure. 8 Reported rates of headache following LP vary; however, a recent study reported an incidence of 21.9% for immediate postprocedural headaches and 17.5% at 24-hour follow-up.
9
The aim of this study was to determine the incidence and preoperative predictors of postoperative positional headaches following administration of ITF for pituitary adenoma surgery.
Methods Study Design
The primary objective of this study was to determine the incidence of postoperative positional headaches following delivery of ITF through LP for pituitary adenoma surgery. LP for ITF administration introduces the possibility of leakage from the puncture site, possibly leading to postoperative positional headaches.
Patient Selection
We queried a prospectively acquired database of all endoscopic skull base surgeries performed by the senior authors (T. H. S, V. K. A.) at NewYork-Presbyterian/Weill Cornell Medical Center to find patients with pituitary adenomas who underwent preoperative LP for injection of ITF. This maneuver was performed with a 20-gauge needle to identify any intraoperative CSF leaks that might require repair using an autologous fat graft. Under general anesthesia, 10 mL of CSF is withdrawn and 0.5 mL of 10% fluorescein is injected. 2, 3, 10 Patients in whom a lumbar drain was placed were excluded, as were patients in whom an intraoperative CSF leak was identified. Patients were further stratified based on a history of headache: preoperative headaches, postoperative headaches, and positional headaches. These were determined based on retrospective chart review. Patients requiring blood patch for severe positional postoperative headache were also identified.
Retrospective Review

Statistical Analysis
Tests of significance were performed on all primary and secondary outcomes using two-tailed tests with an α of 0.05. Categorical variables were analyzed using Fisher's exact test, and continuous variables were analyzed using Student's ttest. Logistic regressions were performed on variables with subsequent multivariate modeling. Data preparation and analysis were performed using Stata software (StataCorp).
Results
Cohort Overview
Of the 191 adenomas operated, we eliminated five with lumbar drain, 12 with intraoperative CSF leaks, and 26 missing annotations for postoperative headache development for a total of 148 patients (52% female, mean age of 49.4 years) who met the inclusion criteria for this study. Mean baseline body mass index (BMI) was 29.7 (standard deviation [SD]: 6.7), 7.4% had a history of smoking, 18.2% had DM, 39.9% had hypertension, and 4.7% had a past medical history of a cardiovascular event (defined as myocardial infarction, deep vein thrombosis, PE, stroke, or congestive heart failure) (►Table 1).
Mean tumor size was 1.8 cm (SD: 0.96), and the most common histological types were nonhormone-producing adenoma (41.9%), prolactinoma (25.7%), GH-secreting adenoma (14.9%), and ACTH-secreting adenoma (15.5%). Gross total resection was achieved in 83.8% of patients. Mean length of stay was 4.3 days (SD: 1.8), and mean follow-up was 65.9 months (SD: 41.1) (►Table 1).
Univariate Predictors of Postoperative and Positional Headaches
There were five patients with preoperative headaches, 62 with postoperative headaches (41.9%), and 10 with positional headaches (6.8%), of whom 6 underwent blood patch with complete resolution. Univariate analyses were conducted to identify associations between baseline demographics, surgical factors, and development of any postoperative versus positional headaches. We found significant associations between postoperative headache, and comorbid hypertension (odds ratio [OR]: 0.23; p < 0.001), prolactinoma histology (OR: 2.8; p < 0.01), and age (OR 0.98, p < 0.05). (►Table 2). The relatively rare development of positional postoperative headache (n ¼ 10) impaired our ability to identify statistically significant predictors of positional headache development. However, we did observe a trend toward significance for comorbid hypertension (OR: 0.14; p ¼ 0.07).
Multivariate Analysis of Postoperative Headache Development
Multivariate analysis was performed using binomial logistic regression with the development of postoperative headache as the response variable. Model parameters were selected based on a p-value 0.1 in univariate analysis and included comorbid hypertension, prolactinoma histology, age, comorbid DM, and ACTH-secreting adenoma. Only hypertension (OR: 0.32; p < 0.05) demonstrated a significant independent association (►Table 3).
Discussion
We routinely perform preoperative LP to deliver ITF before endoscopic surgery to aid in the detection of intraoperative CSF leaks, 1-3,7,10 and sought to evaluate the incidence of postoperative headaches in our patient population. Post-LP headache is the most common adverse outcome associated with this procedure.
11 Notably, incidence of positional postoperative headaches (6.8%) was markedly lower than recently reported rates, 21.6% immediate post-LP headaches and 17.5% at 24-hour follow-up. 9 The genesis of this study,
and an important point of discussion, is that the benefits of ITF for endonasal endoscopic resection of sellar pathology must be weighed against potential risks. While positional postoperative headaches were uncommon in our study, six patients did require blood patch-an intervention which would have been avoided in the absence of LP for ITF. Given the utility of ITF for the detection of intraoperative CSF leak detection, we sought to identify patient and disease characteristics that would optimize the risk-benefit tradeoff. Univariate analysis revealed significant positive association with prolactin-secreting tumors (p < 0.01) and the development of postoperative headache. Significant negative associations for postoperative headache development were identified between patients with a history of hypertension (p < 0.001) and increasing age (p < 0.05). Multivariate modeling revealed that only a history of hypertension (p < 0.05) was an independent predictor of postoperative headache development. The rationale for the protective relationship with hypertension is not evident. One possible explanation may be that hypertensive patients receive more mindful and stricter control of blood pressure following surgery, possibly explaining this observation. We posit that the positive association with prolactinomas and the negative association with age may reflect a subpopulation of young female patients. Indeed, this demographic is the same group with classically higher rates of pseudotumor cerebri. While the pathophysiology of this association remains poorly understood, evidence to date suggests that female sex hormones may increase resistance to CSF outflow. 12 Overall, avoiding LP in younger patients without hypertension and with prolactinomas might reduce the overall incidence of postprocedure positional headaches. This study is subject to the limitations of single-institution reports, namely, being retrospective in nature, lacking randomization, and reporting results based on a relatively limited patient sample size. Moreover, headaches were documented based on patient self-reporting, introducing potential subjectivity. A final limitation is that the incidence of positional headaches was relatively rare (n ¼ 10), which restricts our statistical power to conclude that we did not identify treatment-level predictors of developing this complication. The elimination of patients with lumbar drains was required since the size of the dural defect needed to place a Positional postoperative headache 10 6.8
Abbreviations: ACTH, adrenocorticotropic hormone; BMI, body mass index; CV, cardiovascular; GTR, gross total resection; GH, growth hormone; LOS, length of stay; SD, standard deviation.
drain is larger, and the drain is left in longer. Hence, the incidence of positional headache after lumbar drains would be expected to be much higher. Likewise, we eliminated patients with intraoperative CSF leaks. These patients might have a higher risk of postoperative headache from their intraoperative loss of CSF and might bias the results of this study.
To our knowledge, this is the first study to assess the development of postoperative headaches in patients who receive ITF prior to endoscopic skull base surgery. We found that younger age, prolactinoma histology, and normal blood pressure were associated with higher incidence of postprocedure positional headache. The use of ITF in these patients should be used only when necessary, and the possibility of Positional Headaches after Lumbar Puncture for the Injection of ITF Zhang et al. 557
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positional headaches should be discussed with the patients before surgery.
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